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Sensor yrinclple
Figure l a depicts our device schematica1Iy-Li&i from a two-frequency Zeeman effect HeNe laser (h = 632.8 nm) is coupled into a Si3N4 rib waveguide coated with a species-selective monolayer. Our approach using tf-,c saveguide Zeernan interferometry employs the two orthogonally pofarized modes generated by the Zeemen laser. These modes differ by only 3.3 x IO-' nm in wavelength, Le., 250 kHz in frequency. As these TE and TM modes propagate through the waveguide a phase difference between them is accumulated. The relative phase difference between the TE and TM modes changes under exposure to the chemical agent, since the Si,N4 waveguide is highly birefringent, and the effective refractive indices of the TE and TM modes change unequally. Light from the waveguide output is led to a detector through an analyzing polarizer with transmission axis at 45". The two laser lines interfere at the detector and produce a 250-kHz beat frequency. The phase of this 250-kHz sine wave signal is measured relative to a 250-kHz reference sine wave generated by the Zeeman laser. 
Analyp
Fabrication
The waveguide cross section is depicted in Fig, lb (PECVD) , and finally the waveguide surface was coated with a monolayer film based on cuvalcnt attachment of heptakis-(2-0-rnethyl)-~-~yclodextrin to a C16 alkane linker layer [53.
Measurements
We measured the response of this thin-film integrated optics chemical sensor by exposing it to different concentrations of toluene in air. The measurements were performed with 2 cm long and 4 pin wide waveguide and using microscope objectives to couple light in and out of the waveguide, The relative phase change was measured using conventional lock-in detection techniques. Figure 2 shows the measured relative phase change when the device was exposed successively, for a duration of about 1 min, to thee different toluene concentrations (2011 pprn (parts per million), 100 ppm, and 50 ppm), The measurement clearly demonstrates the real-time (-sec) and reversible sensor response. The sensor also exhibits good linearity. In Fig. 3 
